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ABSTRACT
We present a study of charm and beauty isolation based on a data-driven method with recent measure-
ments on heavy flavor hadrons and their decay electrons in Au+Au collisions at√푠NN = 200 GeV atRHIC. The individual electron 푝T spectra, 푅AA and 푣2 distributions from charmed and beauty hadrondecays are obtained. We find that the electron 푅AA from beauty hadron decays (푅b→eAA ) is suppressedin minimum bias Au+Au collisions but less suppressed compared with that from charmed hadron
decays at 푝T > 3.5 GeV/푐, which indicates that beauty quark interacts with the hot-dense mediumwith depositing its energy and is consistent with the mass-dependent energy loss scenario. For the
first time, the non-zero electron 푣2 from beauty hadron decays (푣b→e2 ) at 푝T > 3.0 GeV/푐 is observedand shows smaller elliptic flow compared with that from charmed hadron decays at 푝T < 4.0 GeV/푐.At 2.5 GeV/푐 < 푝T < 4.5 GeV/푐, 푣b→e2 is smaller than a number-of-constituent-quark (NCQ) scalinghypothesis. This suggests that beauty quark is unlikely thermalized and too heavy to be moved in a
partonic collectivity in heavy-ion collisions at the RHIC energy.
1. Introduction
The pursuit of Quark-Gluon Plasma (QGP) is one of the
most interesting topics in strong interaction physics [1, 2,
3]. Recent experimental results from Relativistic Heavy-Ion
Collider (RHIC) and Large Hadron Collider (LHC) support
that a strongly coupled QGPmatter (sQGP) has been created
in ultra-relativistic heavy-ion collisions [4, 5, 6, 7]. Study-
ing the properties of the QGP matter and understanding its
evolution in the early stage of the collisions are particularly
helpful for broadening our knowledge of the early born of
the universe.
Heavy quark (charm and beauty) masses, different from
those of light quarks, are mostly coming from initial Higgs
field coupling, which is hardly affected by the strong interac-
tions [8]. Thus heavy quarks are believed to be produced pre-
dominantly via hard scatterings in the early stage of the col-
lisions and sensitive to the initial gluon density. And their to-
tal production yields can be calculated by perturbative-QCD
(pQCD) [9] and are number of binary nucleon-nucleon col-
lisions (푁coll) scaled. Theoretical calculations predict thatthe heavy quark energy loss is less than that of light quarks
due to suppression of the gluon radiation at small angles
due to the quark mass. The beauty quark mass is a factor
of three larger than the charm quark mass, thus one would
expect less beauty quark energy loss than charm quark when
they traverse the hot-dense medium created in the heavy-ion
collisions [10, 11, 12]. Experimentally, the nuclear mod-
ification factor (푅AA), which is defined as the ratio of theproduction yield in A+A collisions divided by the yield in
푝+푝 collisions scaled by ⟨푁coll⟩, is used to extract the in-
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formation of the medium effect, such as the parton energy
loss [13]. Recent measurements on the 푅AA of open charmhadrons and leptons from heavy flavor (HF) hadron decays
show strong suppression at high transverse momenta (푝T),and with a similar magnitude as light flavor hadrons, which
indicates strong interactions between charm quark and the
medium [14, 15, 16, 17]. However, due to technique chal-
lenges, most of the electron measurements are the sum of the
products from HF hadron decays without charm and beauty
contributions isolated. Recently, with the help of vertex de-
tectors, some of the experiments at RHIC have extracted the
charm and beauty contributions from the heavy flavor elec-
tron (HFE) measurements but with large uncertainties [18,
19]. The beauty quark production from semileptonic decay
channels has been measured at higher energies at LHC [20].
However, due to the different temperature and system den-
sity, the behavior of beauty quark could be different at the
RHIC energy. It is also worthy of observing the collision
energy dependence of the beauty quark production.
Naively, heavy quarks are too heavy to be pushed mov-
ing together with the collective flow during the expansion
of the partonic matter unless the interactions between heavy
quarks and surrounding dense light quarks are strong and fre-
quent enough. After sufficient energy exchange, the system
could reach thermal equilibrium. Therefore, heavy quark
collectivity could be an evidence of heavy quark thermal-
ization. The heavy quark elliptic flow, defined as a second
harmonic Fourier coefficient (푣2) of the azimuthal distribu-tion of particle momenta [21], is proposed to be an ideal
probe to the properties of the partonic matter, such as the
thermalization, intrinsic transport parameters, drag constant
and entropy [9, 22, 23, 24, 25, 26, 27, 28]. Apparently, mea-
suring the charm and beauty quark 푣2 separately is crucial to
Fan Si et al.: Preprint submitted to Elsevier Page 1 of 6
ar
X
iv
:1
90
6.
08
97
4v
4 
 [n
uc
l-e
x]
  1
3 M
ay
 20
20
Charm and beauty isolation from heavy flavor decay electrons in Au+Au collisions at
√
푠NN = 200 GeV at RHIC
constrain the diffusion parameters extracted from quenched
lattice QCD [29, 30]. In particular, the beauty quark mass
is about three times larger than the charm quark mass and
the final state behaviors of the two quarks could be different.
Unfortunately we are very ignorant of that. Up to date, there
are many measurements of HF hadron spectra and 푣2, butmost of them are for charmed hadrons or electrons from HF
hadron decays. Some attempts on the separation of charm
and beauty contributions in HF decay electrons are only for
their momentum distributions. There is no measurement on
the beauty quark 푣2 either in hadronic decays or indirect elec-tron channels at RHIC.
2. Analysis Technique and Results
2.1. Spectra and 푅AAWehave developed a data-drivenmethod to isolate charm
and beauty contributions from the inclusive HFE spectrum
based on the most recent open charm hadron measurements
in minimum bias (Min Bias) Au+Au collisions at √푠NN =200GeV at RHIC. Taking the advantage of the Heavy Flavor
Tracker (HFT), the STAR experiment has achieved precision
measurements at mid-rapidity (|푦| < 1) on 푝T spectra of in-clusive (prompt and non-prompt) D0-mesons [14, 15] at 0 <
푝T < 10 GeV/푐, as well as other charmed hadrons (D± [31],
Ds [31] and Λc [32]) at 2 GeV/푐 ≲ 푝T < 8 GeV/푐. Non-prompt D0 (from beauty hadron decays) contributes about
5% at 푝T < 8 GeV/푐 [33] and at higher 푝T where there is nomeasurement, the fixed-order next-to-leading log (FONLL)
predictionwas applied for extrapolation and to be about 10% [9].
The parameterized D0 spectrum is extrapolated up to 푝T =20 GeV/푐 due to the negligible electron yield from D0 de-
cays at 푝D0T > 20 GeV/푐. The parameterized uncertaintiesinclude three parts: a) 1-휎 band of the D0 spectrum by fit-
ting with a Levy [34] function with uncorrelated statistical
uncertainties; b) Half of the difference between Levy and
power-law [35] fits; c) For correlated systematic uncertain-
ties the spectrum is scaled to upper and lower limits. The
total uncertainty is then quadratically summed from above
three components. TheDs spectrum at 10−40% centrality isparameterized in the same way, since there is no clear cen-
trality dependence observed based on the current precision.
The uncertainty ofD0 (Ds) 푝T spectrumwithin 0− 10GeV/푐is 10.7% (15.7%) at low 푝T up to 44.2% (49.1%) at 푝T = 10GeV/푐. TheD± spectrum is obtained by scaling theD0 spec-
trum with a constant (0.429 ± 0.038), which is fitted from
the yield ratio of D± [31] divided by D0 [15], since there
is no clear 푝T dependence observed. The Λc spectrum at10−80% centrality is fitted and extrapolated down to zero
푝T and up to 푝T = 10 GeV/푐 with the measured D0 spec-trum multiplying different model calculations on the yield
ratio of Λc∕D0 [36, 37, 38, 39]. The uncertainty of Λc is29.7%−77.7%, which is mainly from the average of the four
models.
Above open charm hadrons are simulated to decay to
electrons via semileptonic decay channels with their param-
eterized 푝T spectra and the Gaussian rapidity distribution (휇
Table 1
Uncertainty components of the c → e spectrum (0 − 10 GeV/푐)
from electron spectra from individual charmed hadron decays.
from input branching ratio 푁coll ratio D±∕D0
훿
(
D0 → e
)
3.9%−23.3%* 0.5%−0.7% × ×
훿 (D± → e) 4.0%−24.2%* 0.6%−0.8% × 3.0%−3.7%
훿
(
Ds → e
)
2.1%−27.1% 0.7%−1.8% 1.2%−3.0% ×
훿
(
Λc → e
)
< 11.0% < 6.9% < 2.9% ×
* correlated
= 0 and 휎 = 1.7) checked by the PYTHIA [40] event gen-
erator as inputs. The decay formfactors in the hadron rest
frame are sampled from the measured distribution [41]. As
another check, the input charmed hadron rapidity distribu-
tions with scanning the standard deviation in a range of 1.4≤ 휎 ≤ 2.0 result in little variation (≲ 1%) of the decay elec-
tron 푝T spectra. Figure 1 shows the electron spectra from
D0 (blue dashed curve), D± (brown dot-dot-dashed curve,
scaled by 1/10), Ds (green dot-dashed curve) and Λc (cyanlong-dot-dashed curve) decays and the summed charm con-
tributions (c → e, black solid curve) at mid-rapidity (|휂|
< 0.7) in minimum bias Au+Au collisions at √푠NN = 200GeV. The electron spectra from charmed hadron decays are
normalized by measured parent particle cross sections and
semileptonic decay branching ratios [42]. The uncertainties
of the charmed hadron 푝T inputs are propagated into the de-cay electron spectra. The uncertainties of branching ratios
are also taken into account. In particular, the uncertainty of
D±∕D0 ratio is propagated into the D± → e spectrum. Elec-
tron spectra from Ds and Λc decays are scaled by 푁coll to0−80% centrality from 10−40% and 10−80%, respectively,
and the normalization uncertainties are counted. The total
uncertainties of electron spectra from individual charmed
hadron decays are shown as shaded bands in Fig. 1. Un-
certainty components of c → e within 0 − 10 GeV/푐 are
summarized in Table 1. As an example, with 훿 (휎) repre-
senting the relative (absolute) uncertainty, 훿Ds→e contributes
휎Ds→e
/
(c→ e) = 훿Ds→e
[(
Ds → e
)/
(c→ e)
]. Other un-
certainty components are obtained in the same way. The
total uncertainty of c → e (11.0%−54.7%) is quadratically
summed from all uncorrelated components. The black open
squares denote the inclusive HFE spectrum (|휂| < 0.7) mea-
sured by STAR [43]. The electron spectrum from beauty
hadron decays (b → e), shown as red solid circles, is then
calculated by subtracting the c→ e contribution from the in-
clusive HFE spectrum from 푝T = 1.2 GeV/푐 to 8.0 GeV/푐. Inthis and all of the following uncertainty calculations, statis-
tical and systematic uncertainties are quadratically summed
into total uncertainties, unless otherwise specified. The yield
of D0 → e at 푝eT = 7.5 GeV/푐 from D0 decays at 푝D
0
T > 10GeV/푐 contributes 52.8% to the total electron yield in this 푝eTbin. This fraction decreases to 26.2% at 푝eT = 6.5 GeV/푐 andbecomes negligible at lower 푝eT. Based on this, the uncer-tainty of the last point of b → e at 푝T = 7.5 GeV/푐 is quotedconservatively with the 2-휎 uncertainty from c → e due to
higher 푝T extrapolation.
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Figure 1: (Color online) Electron spectra from charmed
hadrons (D0 [14, 15], D± [31], Ds [31], Λc [32] and the sum
of them (c → e)) and the inclusive HFE spectrum [43] at mid-
rapidity (|휂| < 0.7) in minimum bias Au+Au collisions at √푠NN
= 200 GeV. The spectrum of beauty hadron decay electrons
(b → e) is obtained by subtracting the c → e contributions
from the HFE data. Uncertainties are shown as shaded bands.
The beauty contribution fraction in the inclusive HFE
spectrum in Au+Au collisions (푓 b→eAA ) can be obtained bytaking the ratio of the b → e and HFE spectra, shown as
solid circles in Fig. 2. The relative uncertainty (훿) of 푓 b→eAA(7.4%−39.2%) is propagated from those of the c → e and
HFE spectra with
훿2
푓 b→eAA
= 푓 2cb
(
훿2c→e + 훿
2
HFE
)
, (1)
where 푓cb =
(
1 − 푓 b→eAA
)/
푓 b→eAA , and the uncertainty of thelast point at 푝T = 7.5 GeV/푐 is quoted with the 2-휎 uncer-tainty from c→ ewith the same approach as the uncertainty
propagation of b → e. As a result, 훿c→e (훿HFE) contributes6.1%−30.5% (1.9%−24.7%). Here we compare the results
with previous measurements in 푝+푝 collisions by STAR (|휂|
< 0.7) via an electron-hadron correlation approach (red open
squares) [44] and by PHENIX (|휂| < 0.35) with recent built-
in vertex detector (green crosses) [45]. The FONLL calcu-
lation [9] is presented as the gray dashed curve. The STAR
푝+푝 data are fittedwith the fixed FONLL functionmultiplied
by a free parameter, which is shown as the cyan dashed curve
with the band representing the uncertainty of the parameter
given by the fit. The averaged 푓 b→epp (blue solid squares)denotes the average of the parameterized STAR 푝+푝 and
the PHENIX 푝+푝 data with half of their difference (con-
tributes 8.1%−15.1%) and halves of their individual uncer-
tainties (contribute 3.1%−3.5% and 6.0%−9.5%) quadrati-
cally summed into the uncertainty bars (12.8%−16.5%). The
beauty contribution in the inclusiveHFE spectrum inAu+Au
collisions is clearly modified compared with that in 푝+푝 col-
lisions. At 푝T ∼ 3.5 GeV/푐, beauty and charm contributionsare comparable, and at 푝T ∼ 7.5 GeV/푐 the beauty contribu-tion is up to 90%, which is significantly higher than that in
푝+푝 collisions. Since charm quark is strongly suppressed,
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Figure 2: (Color online) Beauty hadron decay electron frac-
tions (푓 b→e) at mid-rapidity (|휂| < 0.7) in minimum bias
Au+Au collisions compared with FONLL theoretical calcula-
tion [9], STAR (|휂| < 0.7) [44] and PHENIX (|휂| < 0.35) [45]
in 푝+푝 collisions at
√
푠NN = 200 GeV. 푓 b→epp is the average of
the parameterized STAR 푝+푝 and the PHENIX 푝+푝 data.
the enhanced beauty fraction is consistent with less beauty
quark suppression compared to charm quark in Au+Au col-
lisions at√푠NN = 200 GeV.The푅AA of electrons from individual charmed and beautyhadron decays (푅c→eAA and 푅b→eAA ) can be extracted by
푅c→eAA =
1 − 푓 b→eAA
1 − 푓 b→epp
푅inceAA , (2)
푅b→eAA =
푓 b→eAA
푓 b→epp
푅inceAA , (3)
where 푓 b→eAA is the beauty fraction in Au+Au collisions and
푓 b→epp is the averaged beauty fraction of the parameterizedSTAR and the PHENIX data in 푝+푝 collisions in Fig. 2.
The 푅inceAA is the 푅AA of inclusive electrons from HF hadrondecays (|휂| < 0.7) measured by STAR (Run 14) [46]. Fig-
ure 3 shows the 푅c→eAA and 푅b→eAA as functions of 푝T extractedfrom Eq. (2) and (3) as blue squares and red circles, respec-
tively. The푅b→eAA result is roughly consistent with the DUKEmodel prediction [47], and the latter predicts higher value
than the 푅c→eAA data at higher 푝T. Two dashed curves repre-senting b(c) → e∕FONLL are obtained directly by the def-
inition of 푅AA as the parameterized spectra of b(c) → e inFig. 1 divided by their respective spectra from FONLL cal-
culations [9] scaled by ⟨푁coll⟩ as a crosscheck, which showsa good agreement with data. Clear suppression at 푝T ≳ 3.5GeV/푐 is observed for both푅c→eAA and푅b→eAA , which indicatesthat charm and beauty quarks strongly interact with the hot-
dense medium and lose energy. However, 푅b→eAA shows lesssuppression compared with 푅c→eAA at 푝T > 3.5 GeV/푐, whichis consistent with the mass-dependent energy loss predic-
tion that beauty quark loses less energy due to the suppressed
gluon radiation and smaller collisional energy exchange with
the medium by its three-time larger mass compared to charm
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Figure 3: (Color online) The nuclear modification factors
(푅AA) of c → e and b → e at mid-rapidity (|휂| < 0.7) in
minimum bias Au+Au collisions at
√
푠NN = 200 GeV. The
solid bars represent the total uncertainties in Au+Au colli-
sions and brackets denote those in 푝+푝 collisions. Ratios of
b(c) → e∕FONLL represented by dashed curves are obtained
directly by the definition of 푅AA. Results from DUKE model
predictions [47] are shown for comparison.
Table 2
Uncertainty components of 푅c→eAA and 푅
b→e
AA
푓 b→eAA 푓
b→e
pp 푅
ince
AA total
훿
(
푅c→eAA
)
16.4%−80.8% 5.7%−22.3% 12.4%−22.1% 27.8%−85.1%훿
(
푅b→eAA
)
7.4%−23.1% 12.8%−16.5% 20.8%−34.5%
quark [10, 11, 12].
From Eq. (2) and (3), the relative uncertainties (훿) of
푅c→eAA and 푅b→eAA can be calculated by
훿2푅c→eAA
=푓 2bc,AA훿
2
푓b→eAA
+ 푓 2bc,pp훿
2
푓 b→epp
+ 훿2
푅inceAA
, (4)
훿2
푅b→eAA
=훿2
푓 b→eAA
+ 훿2
푓 b→epp
+ 훿2
푅inceAA
, (5)
respectively, where 푓bc = 푓 b→e
/(
1 − 푓 b→e
) in Au+Au or
푝+푝 collisions. Table 2 summarizes the uncertainty compo-
nents of 푅c→eAA and 푅b→eAA .
2.2. Elliptic Flow 푣2The 푣2 of D0 in 0−80% Au+Au collisions at √푠NN =200 GeV measured by STAR [48] is parameterized and ex-
trapolated up to 푝T = 10 GeV/푐 with a semi-empirical func-tion as Eq. (6), which is modified from [49] with adding
a linear term forced to pass through the origin according
to the natural properties of 푣2 and follow the number-of-constituent-quark (NCQ) scaling [49, 50] as 푣2∕푛 vs.
(
푚T − 푚0
)/
푛 ,
푣2 =
푝0푛
1 + exp
(
푝1− (푚T−푚0)∕푛
푝2
)− 푝0푛
1 + exp
(
푝1
푝2
)+푝3 (푚T − 푚0) ,
(6)
where 푚T =
√
푝2T + 푚
2
0 and 푚0 denote the transverse andrest masses of the particle, 푛 is the number of constituent
quarks and 푝푖 (푖 = 0, 1, 2, 3) are free parameters. At 푝Tabove 10 GeV/푐, the D0 푣2 is assumed as zero since dueto the known effect of energy loss at high 푝T, the particle
푣2 drops quickly close to zero which has been observed inlight particle [51] and Dmeson [52] 푣2 measurements in 200GeV Au+Au and 2.76 TeV Pb+Pb collisions, respectively.
AssumingΛc (푛= 3) also follows NCQ scaling as D-mesons(푛 = 2), the 푣2 of charmed mesons and baryons as functionsof 푝T can be obtained from Eq. (6). The azimuthal angle (휙)distributions of charmed hadrons in each 푝T bin follow thefunction [49]
d푁
d휙
= 1 + 2푣2cos(2휙). (7)
Then the azimuthal distributions of electrons can be obtained
by semileptonic decay simulations of charmed hadrons with
their 푝T spectra and azimuthal distributions as inputs. The
푣2 of D → e (푣D→e2 ) and the 푣2 of Λc → e (푣Λc→e2 ) can beobtained by fitting their azimuthal distributions with Eq. (7)
in each electron 푝T bin.
The 푣2 of c→ e (푣c→e2 ) is an average of 푣D→e2 and 푣Λc→e2with their relative yields as weights. In a similar way, the 푣2of b→ e (푣b→e2 ) can be extracted from
푣b→e2 =
푣ince2 −
(
1 − 푓 b→eAA
)
푣c→e2
푓 b→eAA
, (8)
where 푣ince2 denotes the 푣2 of inclusive HFE from the pa-rameterized average of the measurements by STAR [53] and
PHENIX [54] with Eq. (6). Note that the centralities for the
STAR D0 푣2 input (0-80%), the STAR HFE 푣2 (0-60%) andthe PHENIX HFE 푣2 (0-92%) are different. Since the 푣2 inminimum bias collisions is an average of 푣2 values weightedby the particle yield in each centrality interval, one would
expect the 푣2 in minimum bias collisions should not be af-fected by the most peripheral collisions due to most of the
particle yields coming from 0-60% centrality. In fact, within
current precision, HFE 푣2 results measured from both STARand PHENIX are consistent with each other.
The uncertainty from the parameterization of the D0 푣2with the quadratic sum of statistical and systematic uncer-
tainties, including the high 푝T extrapolation, is propagated
into the uncertainties of 푣D→e2 and 푣Λc→e2 through the decaysimulations. The absolute uncertainty (휎) of 푣c→e2 with fourcomponents from 푣2 and 푝T spectra of D → e and Λc → ecan be obtained with the variant of the differentiated 푣c→e2calculation formula as
휎2푣c→e2
=
(
푓Dc휎푣D→e2
+ 푓Λcc휎푣Λc→e2
)2
+
(
Δ푣2
c→ e
)2 (
푓 2Λcc휎
2
D→e + 푓
2
Dc휎
2
Λc→e
)
,
(9)
where 푓Dc = (D→ e)∕(c→ e) , 푓Λcc =
(
Λc → e
)/
(c→ e)
and Δ푣2 = 푣D→e2 − 푣Λc→e2 . Uncertainties of 푣D→e2 and 푣Λc→e2
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are correlated, since both of them are propagated from the
uncertainty of D0 푣2. From Eq. (8), we can calculate threeparts of the absolute uncertainty (휎) of 푣b→e2 with
휎2
푣b→e2
= 푓 21b휎
2
푣ince2
+푓 2cb휎
2
푣c→e2
+푓 41b
(
푣c→e2 − 푣
ince
2
)2 휎2
푓 b→eAA
,
(10)
where 푓1b = 1
/
푓 b→eAA and 푓cb =
(
1 − 푓 b→eAA
)/
푓 b→eAA . Eachof the three parts is strongly controlled by 푓 b→eAA and the lowvalues of 푓 b→eAA at low 푝T result in large uncertainties of 푣b→e2 .Figure 4 shows the results of 푣c→e2 and 푣b→e2 as the bluesolid curve with an uncertainty band and red circles, respec-
tively. The 푣2 of 휙 → e (푣휙→e2 , red long-dashed curve withband) is obtained in the same way as 푣D→e2 with the 휙-mesonspectrum [55] and 푣2 (0−80%) [56] as inputs. DUKE modelpredictions [47] are also shown as dot-dashed curves for com-
parison. The electron 푣2 from beauty hadron decays at 푝T >3.0 GeV/푐 is observed with an average of 4-sigma signif-
icance (휒2∕푛푑푓 = 29.7/6) deviating from zero. And it is
consistent with electrons from charmed or strange hadron
decays within uncertainties at 푝T > 4.5 GeV/푐. This fla-vor independent 푣2 at high 푝T could be attributed to the ini-tial geometry anisotropy or the path length dependence of
the energy loss in the medium. A smaller 푣b→e2 comparedwith 푣c→e2 is observed at 푝T < 4.0 GeV/푐, which may bedriven by the larger mass of beauty quark than that of charm
quark. The black dashed curve represents the 푣b→e2 assum-ing that B-meson 푣2 follows the NCQ scaling, which is fromthe same technique as 푣D→e2 with a decay formfactor in theB-meson frame sampled from the distribution measured by
CLEO [57]. The 푣b→e2 presented here, as a mixture of 푣2 ofbeauty and light quarks via a coalescence hadronization, de-
viates from the curve at 2.5 GeV/푐 < 푝T < 4.5 GeV/푐 with aconfidence level of 99% (휒2∕푛푑푓 = 14.3/4), which favors
that the beauty quark elliptic flow is smaller than that of
light quarks, unlike the D0 푣2 scaled with that of light flavorhadrons by dividing number of constituent quarks in both 푣2and (푚T − 푚0) [48]. This suggests that beauty quark is un-likely thermalized and too heavy to be moved following the
collective flow of lighter partons.
3. Summary
In summary, this paper reports the individual electron 푝Tspectra, 푅AA and 푣2 distributions from charmed and beautyhadron decays in minimum bias Au+Au collisions at√푠NN= 200 GeV at RHIC. We find that the electron 푅AA frombeauty hadron decays is suppressed at high 푝T > 3.5 GeV/푐but less suppressed comparedwith that from charmed hadron
decays, which indicates that beauty quark interacts with the
hot-dense medium and loses energy and is consistent with
the mass-dependent energy loss scenario. For the first time,
the non-zero electron 푣2 from beauty hadron decays at 푝T
> 3.0 GeV/푐 is observed and consistent with hadrons con-
taining charm or strangeness at 푝T > 4.5 GeV/푐 with largeuncertainties, which could be mainly due to the initial ge-
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Figure 4: (Color online) The elliptic flows (푣2) of c → e and
b → e at mid-rapidity (|휂| < 0.7) in minimum bias Au+Au
collisions at
√
푠NN = 200 GeV. The major contributions to the
uncertainty of 푣b→e2 are from 푣
ince
2 (bars), 푣
c→e
2 (brackets) and
푓 b→eAA (grey bands). The 푣
b→e
2 with B-meson 푣2 NCQ scaling
assumption and the 푣휙→e2 are shown as the dashed curve and
open squares, respectively. Results from DUKE [47] model
predictions are shown for comparison.
ometry anisotropy or the path length dependence of the en-
ergy loss in the medium. And its smaller elliptic flow com-
pared with that from charmed hadron decays at 푝T < 4.0GeV/푐 is observed. At 2.5 GeV/푐 < 푝T < 4.5 GeV/푐, 푣b→e2 issmaller than a number-of-constituent-quark scaling hypoth-
esis, which suggests that the extremely heavy mass of beauty
quark prevents itself participating in the partonic collectiv-
ity and the first non-thermalized particle (beauty quark) is
observed in heavy-ion collisions at RHIC energy.
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